ABSTRACT Annulate lamellae are cytoplasmic organelles composed of stacked sheets of membrane containing pores that are structurally indistinguishable from nuclear pores. The functions of annulate lamellae are not well understood . Although they may be found in virtually any eucaryotic cell, they occur most commonly in transformed and embryonic tissues . In Drosophila, annulate lamellae are found in the syncytial blastoderm embryo as it is cleaved to form the cellular blastoderm . The cytological events of the cellularization process are well documented, and may be used as temporal landmarks when studying changes in annulate lamellae . By using morphometric techniques to analyze electron micrographs of embryos, we are able to calculate the number of pores per nucleus in nuclear envelopes and annulate lamellae during progressive stages of cellularization . We find that annulate lamellae pores remain at a low level while nuclear envelopes are expanding and acquiring pores in early interphase . Once nuclear envelopes are saturated with pores, however, the number of annulate lamellae pores increases more than 10-fold in 9 min . Over the next 30 min it gradually declines to the initial low level . On the basis of these results, we propose (a) that pore synthesis and assembly continues after nuclear envelopes have been saturated with pores; (b) that these supernumerary pores accumulate transiently in cytoplasmic annulate lamellae; and (c) that because these pores are not needed by the embryo they are subsequently degraded.
Annulate lamellae are cytoplasmic organelles composed of stacked sheets of endoplasmic reticulum (ER)' membrane interrupted by annuli or pores. By all available criteria, except location, these pores are indistinguishable from nuclear pores, so both structures will be referred to interchangeably as "pores ." In both systems, pores are known to have eightfold rotational symmetry within the plane of the membrane (8, 13) . However, the high resolution structural methods recently applied to nuclear pores (35) have not yet been used to study annulate lamellae pores. Although pores are thought to be composed of both RNA and protein (5, 17, 27) , no specific biochemical identity has yet been ascribed to a particular substructure. A 190-kilodalton glycoprotein from rat liver is the first protein to be uniquely associated with the pore complex (9) , and this protein may be functionally analogous to a 174-kilodalton glycoprotein in the nuclear pore-lamina fraction of Drosophila embryos (3) . Other evidence indicates that a protein found in the nuclear lamina also may be a component ofthe pore complex (32) .
'Abbreviation used in this paper: ER, endoplasmic reticulum.
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Annulate lamellae are found most commonly in embryonic or transformed cells (13, 15, 37) , but they may also occur, albeit to a lesser degree, in virtually any eucaryotic cell at any time during its life history (22) . Despite their ubiquity, our knowledge ofannulate lamellae is limited . Although annulate lamellae are frequently cited in the literature (see references in 13, 15, 22, 37) , few publications address in a precise way the dynamic formation and breakdown ofthese structures, or relate these changes to other events occurring concomitantly in the cell. Given the similarity of the two pore-containing membrane systems, it is not surprising that the nuclear envelope has been frequently implicated in the formation of annulate lamellae. Following mitosis, pieces ofthe fragmented nuclear envelope may be excluded from the re-forming nuclear envelope, giving rise to annulate lamellae in the cytoplasm or the nucleoplasm, the latter being the infrequently observed intranuclear annulate lamellae (1) . In human oocytes, membranes may evaginate from the nuclear envelope directly, and become annulate lamellae as they acquire pores (10) . Alternatively, the nuclear envelope may give rise to a large population of vesicles that are transported to some distal site before they coalesce into annulate lamellae, a sequence of events supported by electron micrographs of oocytes ofthe amphibian Necturus and of other organisms (12, 13) . The Golgi apparatus also has been implicated in the formation of annulate lamellae (21, 29) . In dragonfly oocytes and Drosophila spermatids, dense cytoplasmic masses, possibly derived from the nucleus and containing ribonucleoprotein, have been postulated to be the immediate precursors of annulate lamellae pores (14, 16) . This mechanism differs from the others referred to above by addressing the source of pore material, as opposed to membrane material, for the formation of annulate lamellae. has noted further that protein synthesis occurs as annulate lamellae are formed, and he has proposed that the purpose for these pore structures may be to aid in the assembly of polysomes.
Annulate lamellae have been observed previously in the early Drosophila embryo both during normal development (19, 23) , and following experimental manipulation (11) . The great wealth of cytologic and genetic information available about this embryo makes it ideal for following dynamic changes in these or other organelles with great precision (6, 7, 18, 19, 24, 28, 38) . We have documented very rapid and dramatic changes in the amount and structure of annulate lamellae during cellularization of the syncytial embryo . On the basis of our results, we propose that annulate lamellae in the Drosophila embryo transiently store excess pores before they are subsequently degraded.
MATERIALS AND METHODS
Handling Embryos : Eggs from rapidly laying wild-type Drosophila melanogaster females (strain Canton-S) were collected on laying plates at -22°C (38) . Under these conditions, eggs are fertilized in utero just before being laid, so a rather precise developmental age can be assigned to each embryo based on its morphology (24) . Embryos -2 .0-3 .5-h-old were used for these studies.
Fixation: Embryos were handled and fixed essentially as described by Zalokar and Erk (39) , except for minor modifications . Embryos were dechorionated manually on double-stick tape, and floated on distilled water until they were of the proper age: embryos so treated developed normally through hatching . A solution containing 25% glutaraldehyde or 15% glutaraldehyde plus 10% acrolein in 0.1 M sodium cacodylate buffer (pH 7 .2) was shaken with an equal volume of heptane, and embryos were fixed in the heptane phase for I min . They were then transferred to an aqueous fixative containing 2 .5% glutaraldehyde, with or without 0 .1 % acrolein, for 1-2 h, during which time their vitelline membranes were removed with sharp tungsten needles. The same buffer at a concentration of 0.05 M was used for this and all subsequent steps . Washing in buffer (3 x 10 min) was followed by postfrxation in buffered I OsOa for 1 h. Another series of washes was followed by en bloc staining in 1 aqueous uranyl acetate overnight at 4°C. Other than the en bloc staining, all steps were performed at room temperature. Dehydration was achieved through a series of ethanol and of propylene oxide; embedment was done in EponAraldite. A Reichert Ultracut microtome and DuPont diamond knife (DuPont Co ., Wilmington, DE) were used to cut ribbons of silver sections. Sections were picked up on Formvar-coated slot grids, stained with uranyl acetate (1 .5% in 70% methanol and 0 .5% dimethyl sulfoxide) and Reynold's lead citrate, and stabilized with a thin layer of carbon. A JEOL 1000 electron microscope was used for all observations. Morphometric Calculations: Single cross sections of Drosophila embryos at various stages during cellularization were photographed in their entirety on several negatives, and printed at a total magnification of 4,000 diam . These micrographs were used to determine average values for the length, width, and center-to-center spacing of nuclei sectioned very nearly through their long axes ; and the contour lengths of nuclear envelopes and annulate lamellae membranes.
The densities of pores in nuclear envelopes and in annulate lamellae (pores per square micrometer) were determined from tangential sections of these structures. Areas were calculated by cutting out enlargements ofpore-containing membranes, weighing these pieces, and comparing their weights to those of known areas of identical photographic paper.
The surface area of nuclei was determined by assuming a simple model for 700 THE JOURNAL OF CELL BIOLOGY " VOLUME 98, 1984 their shape, namely, that of two hemispheres connected by a cylinder of equal diameter. If such a structure is sectioned through its long axis, then its perimeter, surface area, and volume can be calculated by merely knowing its width and length . The accuracy of this model can be tested by comparing the perimeter obtained by direct measurement (with a map wheel) with that predicted by the model for the same nuclei . At each stage, the actual perimeter was "-95% of that predicted by the model (93.2-96.7%) . Knowing this error, we can approximate the actual surface area from that predicted by the model by multiplying the latter by the square of the error . We have used this method to estimate the surface area of the nuclei, which when taken together with the known pore density and the assumption of uniform pore distribution yields the approximate number of pores in a nucleus at each stage . Annulate lamellae, defined here as cisternae of cytoplasmic membrane containing pores, occur in random orientations in the layer of cytoplasm that lies between the blastoderm nuclei at the embryo surface and the central yolk mass . Although individual lamellae or stacks of lamellae (as they are more commonly observed) are not associated with particular blastoderm nuclei, it is still possible to calculate the amount of annulate lamellae surface area and the number of annulate lamellae pores and express these values on a per nucleus basis. Then, since the numbers of pores in nuclear envelopes and in annulate lamellae are expressed in the same units, they may be compared readily.
Two methods have been used to estimate the number of annulate lamellae pores per nucleus . If similar values were obtained by each method, it would indicate that these values had a high probability of being correct, since each method of calculation relies on a different set of assumptions. By the first method, a theoretical cross-section of an embryo is considered in which nuclei are perfectly aligned and spaced. The average center-to-center spacing of nuclei is determined from measurements on thin sections of adjacent nuclei that are cut nearly through their long axes . If nuclei are assumed to be hexagonally packed (see Fig. 3 b) , the thickness of the theoretical thick section that contains only one row of nuclei and their accompanying cytoplasm will be sin 60°, or 0 .866 times the lateral spacing . The number of nuclei that would fit in an embryo cross section of a given circumference is also calculated from the average lateral spacing. If annulate lamellae were aligned perpendicularly to the plane of the section, then their area within the volume of the theoretical section would be the product of their contour length in a representative thin section and the thickness of the theoretical section . However, since the angle of annulate lamellae planes relative to the plane of thin section appears to be random, a correction factor must be included in this equation. According to Underwood (34) , a set of randomly oriented planes will occur at an average angle of 60°to the reference plane. The correction factor, then, has the value 1 .155 . This analysis gives an approximation of the total area of annulate lamellae membranes in a theoretical section . The number of annulate lamellae pores per nucleus is calculated by also knowing the density of pores in these membranes and the number of nuclei in the section . A rather large number of assumptions about the size, shape, and distribution of membranes and organelles were necessary to make the preceding calculations . However, this method does not suffer from the inherent sampling errors encountered in the following analysis .
The second method utilizes standard stereological principles. The surface area of a membrane-bounded structure per unit volume of cytoplasm, or S,., is calculated by first counting the intersections between membrane profiles in a thin section and a pattern of test lines applied to this section, and then using appropriate formulas. An important aspect of this analysis is that it "applies to systems of surfaces with any configuration" (34) . Rather than calculating actual values of S for annulate lamellae and nuclear envelopes, we instead determined the ratio ofthese values directly . This ratio is the quotient of membrane contour lengths measured with a map wheel . From this ratio and the known surface area of nuclei (see above), we can calculate the area of annulate lamellae membranes per nucleus . The number of annulate lamellae pores per nucleus, then, is a product of this area and the density of pores in annulate lamellae . This method requires relatively few measurements or calculations compared with the first method, but an inherent caveat of it is that objects are assumed to be oriented with complete randomness, a condition that is not fully met by nuclei that are always sectioned parallel to their long axes .
Freeze-Fracture : Embryos were collected, dechorionated, and aged as for chemical fixation. They were then sandwiched between two copper "hats," using slot grids of appropriate thickness as spacers, and ultrarapidly frozen in a propane jet freezer . Frozen embryos were fractured, etched slightly, and replicated with platinum/carbon in a Balzers freeze-etch machine (Balzers, Hudson, NH) . Replicas were cleaned with commercial bleach and 70% H2SOa, picked up on mesh grids, and observed as for sections .
RESULTS
The typical structure of annulate lamellae in cross and tangential sections is depicted in Fig. 1 . Parallel layers of double membrane are interrupted by a large number of pores and are interconnected by ER membranes lacking pores, but having attached ribosomes (Fig. 1 a) . These connecting membranes are similar to the ones seen to interconnect discrete annulate lamellae structures (see Fig. 6b1 Pores within adjacent lamellae are frequently aligned, as is also seen when annulate lamellae appear to be just forming (see Fig . 5 c) . It seems likely that this apparent affinity between pores is what causes the layers of annulate lamellae to be assembled into structures with such precise geometry . In tangential section, the high density and nearly perfect hexagonal packing of pores is evident (Fig. 1 b) . In pores sectioned appropriately, a large central granule and smaller annular granules are observed. Nuclear pores viewed in the same orientations exhibit the same structural features as annulate lamellae pores (data not shown) .
The similarity of pores in annulate lamellae and nuclear envelopes is emphasized further by their appearance in freezefracture (Fig . 2) . The density of nuclear pores is quite high, but pores do not assume any particular packing configuration (Fig. 2, a and b) . Pores of annulate lamellae, on the other hand, have the tendency to aggregate into hexagonal arrays (Fig. 2c) , as was also seen in thin section (Fig. I b) . The annulate lamellae structure depicted in Fig. 2 c is from an embryo in late interphase preceding the last syncytial nuclear division ; its small size is characteristic of this stage (unpublished observations). Although freeze-fracture micrographs do not immediately reveal a great deal of information about pore substructure, both types of pores do exhibit eightfold rotational symmetry when printed by the Markham technique (20) to enhance this symmetry (data not shown).
Light micrographs of an embryo in an early stage of cellularization provide a global view of the Drosophila embryo (Fig. 3) . Blastoderm nuclei are seen to be densely packed at the embryo surface, with a thick layer of cytoplasm lying between these nuclei and the central yolk mass (Fig. 3a) . Cleavage furrows originating at the embryo surface generally advance inward to a uniform depth around the entire embryo. In this embryo, furrows have reached a point about one-third of the way along the radially elongated nuclei, indicating that this embryo is slightly younger than the embryo depicted in Fig. 5 . Embryo cross sections of roughly equivalent area were used for the electron microscopic analysis described below. A grazing section of the same embryo (Fig. 3 b) demonstrates that nuclei are nearly hexagonally packed, that is, most nuclei have six others as nearest neighbors while a few other nuclei have either five or seven . Although no pole cells are evident, both sections are from the posterior end of the embryo. The events of cellularization, like those of nuclear division, occur with a high degree of synchrony throughout the Drosophila embryo (see Fig. 3 ). Although we do not know the exact developmental age of a particular embryo, an approximate age has been assigned to each based on its morphology using the data of Rabinowitz (24) . 144 min after a fertilized embryo has been laid, 13 nuclear divisions have been completed, and some 6,000 small, early interphase nuclei are found virtually close-packed just beneath the embryo surface (Fig. 4) . Cleavage furrows originating at the surface envelop these blastoderm nuclei, which elongate toward the embryo center as they increase in volume . At 171 min, furrows have proceeded halfway along the elongated nuclei (Fig. 5 a) , and by 180 min they have reached the bases of these nuclei (Fig.  6 a) . Furrows continue to grow inward, now at an increased rate, until they approach the central yolk mass, thus forming the cellular blastoderm at 186 min (Fig. 7 a) . Cell migrations, such as those that give rise to the ventral furrow, follow and mark the onset of gastrulation at -210 min (Fig. 8 a) . A more complete description of cellularization is available elsewhere (6, 7, 19) . The stages of cellularization described above are easily recognized, and may be used as convenient reference points when studying other dynamic events occurring in these embryos. One such dynamic event is the formation and subse-702 THE JOURNAL OF CELL BIOLOGY " VOLUME 98, 1984 quent disappearance of annulate lamellae . The relative abundance and location of these organelles can be discerned in low power micrographs, while details of their structure are evident only at higher magnification . Very few annulate lamellae are present during the earliest stages of furrow growth between 144 min and 171 min (Figs . 4 and 5 a) . The structures observed at 171 min are composed of only one or two membrane layers, and contain only a few pores (Figs . 5, b and c). Pores in adjacent lamellae may already be aligned, and Golgi cisternae are frequently observed near these forming structures (Fig. 5 c) . At 180 min, only 9 min later, the number and form of annulate lamellae have changed considerably . A large number of obvious structures are present, predominantly in the region of the cytoplasm near the edge of the yolk mass (Fig. 6 a) . These structures are composed of several layers of stacked lamellae, each containing a large number of pores. In addition, stacks are interconnected by cisternae of rough ER lacking pores (Fig. 6 b) . A considerable number of annulate lamellae remain when cellularization is complete at 186 min, but it is evident that they have begun to decline by this stage (Fig. 7 a) . It is also evident from Fig.  7 a that annulate lamellae are largely excluded from the newly formed cells, even though cytoplasmic connections persist between the cells and the yolk . Annulate lamellae still occur as well developed stacks at 186 min, but, in addition, ER-like membranes with circular profiles are often associated with one or both faces of a stack . These membrane circles generally contain pores only where they face an annulate lamellae stack (Fig. 7 b) . By early gastrulation (210 min), annulate lamellae are again scarce and are composed of only a couple of lamellae (Fig. 8) . Membrane circles are more common than they were in the previous stage, and again are found predominantly in the region of the degenerate annulate lamellae (Fig. 8 b) . It is possible that these membrane circles represent membrane material previously contained in annulate lamellae stacks . The exact fate of pores following annulate lamellae breakdown is unknown.
Data collected from considerably larger areas of the same embryos depicted in Figs . 4-8 are presented in Table I . The measured frequencies substantiate that the largest number of annulate lamellae and the greatest total contour length of these membranes occur in the 180-min embryo. Also, the greatest proportion of these structures at all stages is found in the cytoplasm at the edge of the central yolk mass, not in association with either yolk nuclei, as suggested by Mahowald (19) , or blastoderm nuclei .
The number of pores in nuclear envelopes and annulate lamellae, each on a per nucleus basis, was calculated as described in Materials and Methods using the data presented in Table II . Notice that the values for annulate lamellae pores per nucleus calculated by two different methods are very similar. The most relevant of these data are presented graphically in Fig . 9 . The number of nuclear envelope pores rises as the surface area of the nucleus increases between 144 min and 171 min, and then both remain nearly constant through early gastrulation at 210 min. The number of pores associated with annulate lamellae remains low while the enlarging nuclear envelope is still acquiring pores (144 min to 171 min), but increases more than 10- annulate lamellae pores then declines more gradually, and returns to the initial low level by early gastrulation (210 min).
DISCUSSION
The primary data presented here on pore dynamics are based on measurements from single cross sections through single embryos at each stage. However, each section assayed represents an area of at least 10,000 square micrometers, a rather large sample. We believe that the general conclusions that we draw from these data are valid, and that the specific values for pore quantities that we have calculated represent good approximations for the actual values. The latter point is strengthened by the fact that we arrived at very similar values for the number of annulate lamellae pores per nucleus by two different methods of calculation (Table II) . Also, all observations have been confirmed qualitatively on other sections of (Figs. 4-8 ; Table I ). Similarly, Rickoll (25) presents micrographs of stages of ventral furrow formation between our 186-and 210-min stages that support a trend of annulate lamellae breakdown during this time, as we have documented. In the earlier stage, a few small annulate lamellae structures are seen, while none are evident in the later stage (Rickoll's Figs. 5 and 6, respectively) .
In the syncytial .Drosophila embryo, 13 nearly synchronous nuclear divisions give rise to some 6,000 surface or blastoderm nuclei in^-2 1/2 h (33, 38). Division cycles are very short, lasting on the average 10 min for the first nine and 15 min for the last four. Observations on living embryos confirm that the cell cycle rate is somewhat faster in early divisions and slower in later ones (4, 36), perhaps because structural or informational molecules needed in the division process are being exhausted, or cannot be synthesized fast enough to keep pace with an exponentially increasing demand for them. Nuclear pores occur at high densities even during late syncytial divisions ( Fig. 2a ; Table II) , so pore material must either be synthesized, or recruited from some storage organelle during this period of rapid nuclear growth. Our data suggest that nuclear pores are being synthesized at this time since annulate lamellae, a strong candidate for the hypothetical storage organelle, do not occur in sufficient numbers before cellularization to account for the number of pores needed by 6,000 nuclei . When annulate lamellae are most abundant (180 min), the number of pores they contain on a per nucleus basis is nearly equivalent to the number of pores in an early interphase nucleus ( Fig. 9 ; Table II) . Thus, if all of these nuclear pores were stored in annulate lamellae they should be abundant and clearly visible in early stages of embryogenesis . Pore material could be stored in other forms such as the dense cytoplasmic masses described by Kessel (14, 16 ), but such material was never observed in our specimens, even when annulate lamellae apparently were being formed (Fig. 5) . Since the number of nuclei doubles at each division, the number of pores needed to fill their nuclear envelopes should increase 180 accordingly . It is obvious, then, that pore synthesis would have to be controlled rigorously to meet the demand for pores precisely . Nuclear division might be slowed if pore synthesis were too slow, or pores might accumulate if they either were synthesized too rapidly or continued to be synthesized after the demand for them was met.
The pores found in nuclear envelopes and in annulate lamellae membranes appear to be identical by all available morphological and biochemical criteria (Figs . 1, 2 ; references 5, 13-15, 22, 37) , and the data presented here suggest that FIGURE 9 Number of pores in nuclear envelopes (± SD) and in annulate lamellae (calculated by the first method), each on a per nucleus basis, and nuclear surface area during cellularization of the Drosophila embryo . Nuclear pores increase as the nuclear envelope expands between 144 and 171 min, and then both remain nearly constant. Annulate lamellae pores remain at a low level while nuclear envelopes are acquiring pores, and then, between 171 and 180 min, their number increases dramatically . Annulate lamellae pores subsequently decline more gradually . 144 min 171 min 180 min these two populations of pores are related kinetically as well (Fig. 9) . Indeed, the function of annulate lamellae in the Drosophila embryo may be that of a transient storage organelle for excess nuclear pores. Nuclear envelopes gain pores in early interphase as their surface area is expanding. Once nuclear envelopes are "saturated" with pores, however, pores that are still being synthesized may be assembled and accumulate in an analogous way in other membranes with a similar affinity for them, thereby forming cytoplasmic annulate lamellae. At this time, we have no information about any cellular factor or factors that might, first, recognize that nuclear envelopes contained a sufficient number or density of pores and disallow further accumulation, and, second, make cytoplasmic membranes receptive to acquiring them. If the pores in annulate lamellae actually represent a waste product of over-synthesis, then their subsequent degradation would be the logical next step. Since annulate lamellae are largely excluded from the newly formed cells ( Figs. 7 and 8 ; Table 1 ), it is unlikely that they serve any important function in these cells . It thus appears that the synthesis ofpores in the Drosophila embryo may not be finely controlled . However, the energetic cost of this overproduction, which amounts to nearly enough pores to accommodate another generation of early interphase nuclei, may be small when measured against the consequences of having an inadequate number of pores in the nuclei ofthese embryonic cells. Also, while the embryo's demand for pores increases exponentially during nuclear division, it ends abruptly with the onset of cellularization . It therefore is not surprising that pore synthesis would continue for some time after the demand for pores had been met. Our interpretation of these events is summarized in Fig. 10 . We have previously shown that nuclear envelopes remain largely intact during nuclear division in the syncytial Dro 171 and 180 min accumulate in cytoplasmic membranes instead, and form annulate lamellae (AL) near the edge of the central yolk mass (y). These annulate lamellae are largely excluded from the newly formed cells of the cellular blastoderm (186 min) and, thus, probably serve no useful function in these cells. The number and total length of annulate lamellae have begun to decline by this time, The membrane component of annulate lamellae appears to be transformed into membranes with circular profiles (C), and while the exact fate of the pores is unknown, it is presumed that they are degraded. At 210 min, as the ventral furrow is being formed, very few annulate lamellae remain, and of these, few are found in blastoderm cells . Membrane circles, however, are more common than at the previous stage.
STAFSTROM AND STAEFIELIN Annulate Lamellae in the Drosophila Embryo sophila embryo, and, in addition, that these envelopes lose their pores and become fenestrated (30) . We were intrigued by the possibility that these pores might transiently accumulate in annulate lamellae. To the contrary, however, pores in the few small annulate lamellae found at this time are disassembled in an analogous manner and with the same timing as those of blastoderm nuclear envelopes (31) . The hypothesis that the function of annulate lamellae is to store nuclear pores, and perhaps nuclear membrane material as well, is not without precedent . In the foraminifer Hastigerina pelagica, a single, large gamont nucleus divides in 2-4 h into 300,000 gamete nuclei, with 60-70 times more surface area (29) . Before these divisions occur, a large amount of annulate lamellae accumulates around the gamont nucleus and apparently becomes incorporated into the nuclear envelopes of the gametes. It seems likely that the rate of division could not be so rapid if nuclear envelope material were not synthesized in advance and stored as annulate lamellae. It appears, then, that nuclear pores accumulate transiently in annulate lamellae in both H. pelagica and the Drosophila embryo. In the former the stored pores are needed and will soon be used, while in the latter they are superfluous and will be degraded . Since annulate lamellae occur most commonly in embryonic and transformed tissues (13, 15, 22, 37) , sites where cells exhibit high rates of division and metabolism, annulate lamellae may always accumulate pores either in advance of a need for them or after such a need has been filled, but synthesis continues .
Kessel (14) (15) (16) has proposed quite a different hypothesis for the function of annulate lamellae observed during oogenesis in dragonflies and spermatogenesis in Drosophila . The fundamental assumptions ofthis hypothesis are that a normal function of the nuclear pore is to aid in the assembly of functional polysomes and thereby promote protein synthesis, and that annulate lamellae pores amplify this function when high rates ofprotein synthesis are required. Although annulate lamellae do appear in these systems when protein is being synthesized actively, there is no evidence for direct causality between these events. More importantly, from what we know now about the initiation of translation of both soluble and membrane-associated proteins (2, 26) , it is quite unlikely that pores are involved in this process. This view is further substantiated by the fact that cell-free translation systems require neither pores nor any other nuclear envelope-associated factor to synthesize protein accurately and at good rates.
In summary, all of the data presented here support the hypothesis that the function of annulate lamellae in the Drosophila embryo is to transiently store oraccumulate excess nuclear pore material . Since these pores serve no apparent purpose in the cellular embryo, they are subsequently degraded.
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